Abstract-In
I. INTRODUCTION
UNDAMENTALLY, a Distributed Generation (DG) is employed to compensate distribution feeder systems. Studies indicate that up to 13% of the total power generated is consumed as active power loss at distribution level [1] . Real power loss depends on the line current and the line resistance, and that current consists of active and reactive components. Voltage improvement, deferral of future expansion, extending apparatus life time, reducing environmental impact and increasing overall energy efficiency are main advantages of power loss reductions. All these merits can be achieved if the location and size of DGs are optimally employed.
Various optimization techniques have been employed seeking optimal placement, size and operating mode for Distributed Generation (DG) interconnection. DG application is very complex multi-objective nonlinear optimization problem. Typically, the DG problem aims at determining the optimal location to achieve optimality for some objective functions [2] - [4] . Usually, it includes maximizing power loss reductions and minimizing the cost.
Therefore, solution criteria may vary from one application to another. Also, achievement of one of the previous objectives does not guarantee satisfying the remaining ones. In addition, future changes in the solved system will alter the obtained results significantly. Therefore, as more objectives and constraints are considered by the algorithm, more data is required, which tends to add difficulty to implementation [5] - [6] .
Many optimization tools have been tested and employed to solve different DG problems. Tools such as Genetic Algorithm, Tabu Search and Particle Swamp Optimization are promising and still evolving in this field. In each tool, a large number of results are retained to search for the optimal result. Here is where time and memory consume space. Thus, some of those techniques have been modified and hybrid with another to enhance their solution performances [7] .
In this paper, a heuristic optimal placement technique for 14-Bus DISCONET distribution system is proposed. The outcomes from the test results will be further examined and compared with a sensitivity analysis technique index-based for comparable results. Results obtained from the study outperformed other technique in terms of its simplicity algorithm.
II. POWER LOSS IN DISTRIBUTION SYSTEM

A. Power Loss Reduction
Normally, shunt capacitors and DGs are employed to aid in reducing power loss in distribution system. However, the latter is a better option in terms of feeder systems compensation. From a line current perspective, shunt capacitor reduces a portion of the reactive line current only. However, DG reduces portions of both active and reactive line currents. Thus, the latter decision is superior under optimal solution achievements.
B. Real Power Loss and Bus Voltage
The real power loss in n-bus system is given by [8] .
(
For n connected lines to j-bus, the bus voltage can be determined by,
where V j is affected by the total power load , S Load connected directly to j-bus. 
III. OPTIMAL PLACEMENT TECHNIQUE
Reliability, accuracy and flexibility of the DG solution algorithm are influenced by the power flow analysis used. Therefore, the overall algorithm accuracy is highly reliant on that analysis. It can be said that the power flow analysis is the heart of the DG solution algorithm.
A. Proposed Heuristic Technique
The designated objective function is to minimize the total system real power loss. It is learned that, load at bus may affect the value of . Thus, by considering this factor, a Load Factor Sensitivity (LFS) is proposed.
B. LFS Algorithm
The proposed technique attempts to find the optimal DG placement based on the load effect connected at the particular bus. The total power connected to the respective bus will directly contribute to the total power loss of the network system. Thus, total power loss is load-dependent connected to the bus.
The procedure is initially started by determining the total power loss as the base case of the system. Normally the first bus acts as the slack bus and no load being connected at this point. It follows to the next bus by disconnecting all connected loads to it. In other words, zero load should be applied at this bus. At this stage, running the load flow program will eventually determine the total power loss of the network system.
The process is continuously repeated by applying zero load at the particular bus and simultaneously the total power loss being recorded after running the load flow. The process will stop until the n th bus result being recorded. Eventually, if initially there is no load connected at the bus, the total power loss is definitely the same as the base case result.
The recorded results are then being sort in ascending orders. Therefore, the highest rank represents the potential bus for DG placement. The above procedure is simplified in a flow chart illustration depicted in Fig. 1 . 
C. Sensitivity Index (SI)
A sensitivity index was developed by [9] to determine the potential placement for a DG to be installed. The formulation was based on the change in voltage stability index at a load bus with respect to changes of the load at the respective bus.
The derivation of the SI from the voltage stability index is as the following. The voltage stability index at a load bus i is given by
where; 
The element of the row matrices in Eq. (5) is derived from Eq. (4) as follows, 
D. SI Algorithm
The following procedures were implemented in the sensitivity analysis to determine the suitable location of distributed generator in the test systems. From the analysis, the bus that gives the highest value index will be chosen as the potential location for the DG placement. The above procedure is simplified in a flow chart illustration depicted in Fig. 2 .
IV. COMPARATIVE STUDY
A. 14-Bus DISCONET
In testing the effectiveness of the proposed technique, experimental works have been conducted on a 14-Bus DiscoNet test system as depicted in Fig. 3 . 
B. Simulation Results
The LFS as explained in section D was evaluated at every bus of the test system. Each bus's results are depicted in Table  1 (a) and sorted in descending orders as tabulated in Table  1 (b). The bus with lowest power loss value is selected as the most suitable place for the DG. The above results show that bus 3 with the lowest power loss value is chosen as the suitable placement for the DG. Next, the test system is further tested with SI technique. Each bus's results are depicted in Table 2 (a) and sorted in descending orders as tabulated in Table 2 (b). The bus with highest SI value is selected as the optimal place for the DG. The above results show that bus 3 with the highest index value is chosen as the optimal placement for the DG.
In order to check and analyze the effectiveness of the result, a 50 MW DG has been installed at the specified bus; bus 3. As a result, the test system shows a reduction of 5.53 MW (40.02%) of the existing (without DG) total power losses.
For comparison purposes, the 50 MW DG is installed and tested at bus 14 and bus 2, each at a time. The comparisons of the total losses reduction are illustrated in Table 3 . Apparently, the selection of proper placement of DG could significantly reduce the total losses of the network system. However, the increment of the DG size may not linearly reduce the total losses. It has the limitation that be called as an optimal size of DG. Figure 4 illustrates that upon reaching the optimal size, further increment of DG size may increase the total power loss. Thus, the oversize of DG ultimately may increase the capital cost of the system. In conclusion, the interconnection of DG at the optimal placement is a vital point to be considered upon integrating to the distribution network system. Total losses of the network system could be reduced and optimized by considering this matter. The suggested technique of LFS based is one of many techniques being developed by other researchers. In terms of the outcome, the results show that the proposed technique was capable to minimize the system losses. Apart of the important to place at the right bus, another important point that might effect to the investment cost is the DG size factor.
